Patients were derived from an ongoing prospective registry of all patients with neurovascular diseases admitted to our hospital (Erasmus Stroke Study [ESS]). MDCT of the brain and MDCTA are part of the clinical work-up. Detailed clinical information, imaging, blood Background and Purpose-Nonlacunar cerebral infarcts are presumed to be caused by thromboembolism from the heart or extracranial arteries, whereas lacunar infarcts are thought to be caused by small vessel disease. We investigated to what extent arterial calcifications differ between nonlacunar and lacunar ischemic strokes. Methods-We studied 820 consecutive patients with transient ischemic attack or ischemic stroke in the anterior circulation who underwent multidetector computed tomography angiography and had no rare cause of stroke. The presence of likely cardioembolic pathogenesis was determined according to the Trial of Org 10172 in Acute Stroke Treatment criteria. The remaining 708 patients were categorized as nonlacunar or lacunar strokes, either transient ischemic attacks or strokes, based on clinical symptoms corrected by brain imaging results. We measured volume of calcifications in the aortic arch, symptomatic extracranial and intracranial carotid artery using multidetector computed tomography angiography. The difference in calcifications between nonlacunar and lacunar strokes was assessed with a multivariable logistic regression analysis. We adjusted for degree of symptomatic carotid artery stenosis and cardiovascular risk factors.
N onlacunar infarcts are presumed to be caused by thromboembolism from the heart or large extracranial arteries, whereas lacunar infarcts are considered to be caused by the occlusion of small perforating arteries. Jackson et al 1, 2 found that cardiovascular risk factors, such as hypertension and diabetes mellitus, are equally common in nonlacunar and lacunar infarcts, but atrial fibrillation or cardiac valve disease and significant carotid artery stenosis were more frequent in nonlacunar infarcts compared with lacunar infarcts, supporting the notion of separate etiologies. Others have found a lower risk of early stroke recurrence and myocardial infarction in patients with lacunar versus nonlacunar infarcts. 3, 4 Imaging of the extracranial and intracranial arteries allows assessment of not only the presence of atherosclerosis, but also the atherosclerotic plaque surface and plaque composition. Homburg et al 5 showed that plaque ulceration is associated with nonlacunar ischemic stroke, suggesting indeed that nonlacunar and lacunar infarcts have different types of atherosclerotic disease and supporting the notion of different underlying pathophysiology.
Calcifications are present in the more severe atherosclerotic plaques and are easily detectable on multidetector computed tomography angiography (MDCTA) and can therefore be used as a marker of atherosclerosis. 6 We investigated whether and to what extent calcifications in the aortic arch, symptomatic extracranial and intracranial carotid artery differ between nonlacunar and lacunar ischemic strokes. samples, and DNA are collected from all participants. Written informed consent was obtained from all patients, as approved by the Institutional Ethics Committee. All patients with an ischemic event, either transient ischemic attack (TIA) or stroke, in the anterior circulation were included in this study. Patients with a rare cause of stroke, carotid artery dissection, absent MDCTA, or amaurosis fugax were excluded.
Stroke Classification
First, the presence of a likely cardioembolic pathogenesis according to the Trial of Org 10172 in Acute Stroke Treatment criteria was determined. 7 We categorized all remaining ischemic events, either TIAs or strokes, as nonlacunar or lacunar strokes based on the clinical Oxfordshire Community Stroke Project criteria and corrected for relevant infarcts on MDCT scan of the brain. 8 Lacunar ischemic strokes were defined as pure motor strokes, pure sensory strokes, sensory-motor strokes, or ataxic hemiparesis. 8, 9 Patients who were not categorized as lacunar strokes were categorized as nonlacunar strokes. In both the nonlacunar and the lacunar stroke groups, TIAs and ischemic strokes were represented.
Cardiovascular Risk Factors
Hypercholesterolemia was defined as fasting total cholesterol >5 mmol/L or the use of cholesterol-lowering medication at the time of the TIA or ischemic stroke. Hypertension was defined as systolic blood pressure >140 mm Hg or a diastolic blood pressure >90 mm Hg during 2 episodes of ≥15 minutes of continuous noninvasive blood pressure measurement or treatment with antihypertensive medication. Diabetes mellitus was defined as fasting plasma glucose level >6.9 mmol/L or a 2-hour postload glucose level >11.0 mmol/L or the use of antidiabetic medication. Smoking status was assessed at the time of the ischemic event and dichotomized into current smoker or no current smoker.
MDCT and MDCTA Data Acquisition
Image acquisition was performed using a 16-slice, 64-slice, or 128-slice MDCT system (Sensation 16, Sensation 64, Definition, Definition AS+ or Definition Flash, Siemens Medical Solutions, Erlangen, Germany) using a standardized optimized contrast-enhanced protocol (120 kVp; 180-200 reference mAs; collimation 16×0.75 mm, 32×2×0.6 mm, or 64×2×0.6 mm; pitch <1).
The MDCTA scan ranged from the ascending aorta to the intracranial circulation (3 cm above the sella turcica). All patients received 80 mL of contrast agent (320 mg/mL iodixanol, Visipaque, Amersham Health, Little Chalfont, United Kingdom), followed by 45-mL saline bolus chaser, both at an injection rate of 4 to 5 mL/s. Real-time bolus tracking at the level of the ascending aorta was used to synchronize passage of contrast agent and data acquisition. Image reconstructions were made with field of view of 120 mm, matrix size 512×512, slice thickness 1.0 or 0.75 mm, increment 0.6 to 0.4 mm, and an intermediate reconstruction algorithm.
The MDCT brain scan ranged from the foramen magnum to the vertex. Image reconstructions were made with a 200 to 250 mm field of view, matrix size 512×512, slice thickness 3 to 5 mm, and an intermediate reconstruction algorithm.
MDCT and MDCTA Data Analysis
All MDCT and MDCTA studies were evaluated by trained readers blinded for clinical data. Relevant cerebral infarctions on MDCT of the brain were classified as small deep, large deep, end zone, borderline, or multiple infarcts and dichotomized into nonlacunar strokes (large deep, end zone, borderline, and multiple infarcts) or lacunar strokes (small deep infarcts). 10 The most severe stenosis in the symptomatic carotid bifurcation and internal carotid artery was measured on MDCTA according to the North American Symptomatic Carotid Endarterectomy Trial criteria. 11 The aortic arch was defined as the origin of the aortic arch to the first 1 cm of its branches. The extracranial carotid artery was defined as the carotid artery within 3 cm proximal and distal of the bifurcation.
The intracranial internal carotid artery was defined as the horizontal segment of the petrous internal carotid artery to the top of the internal carotid artery. Calcifications in the aortic arch and symptomatic extracranial carotid artery were quantified semiautomatically using dedicated commercially available software (Syngo CalciumScoring, Siemens). A custom-made plug-in for the freely available software ImageJ (Rasband, National Institute of Mental Health, Bethesda, MD) was used to quantify calcifications in the symptomatic intracranial carotid artery, because of the close relationship of the intracranial carotid artery and the skull, automatic quantification was not possible. A threshold of 600 Hounsfield units was used to differentiate calcifications from contrast material in the lumen; calcification volume was expressed in millimeter cubed. A detailed description of the measurements is provided elsewhere. [12] [13] [14] [15] An intraclass correlation coefficient and coefficient of variation for the aortic arch, extracranial and intracranial carotid artery scoring method was assessed in 29 MDCTA examinations based on the ratings of 2 observers. The intraclass correlation coefficient was 1.00 and the coefficient of variation 10% to 11% for all 3 vessel beds.
Statistics
We compared cardiovascular risk factors, degree of symptomatic carotid artery stenosis, and extent of calcifications between patients with nonlacunar strokes, lacunar strokes, and cardioembolic strokes. Data are presented as mean±SD, medians with interquartile range, or number of patients with percentages (%). Differences between categorical data were analyzed with a χ 2 test; differences between continuous data were analyzed using a Student t test or Mann-Whitney U test. In the analyses with calcification as continuous measure, we used natural log-transformed values and added 1.0 mm 3 to the nontransformed values to deal with participants with a calcification volume of zero. We estimated the extent of misclassification of ischemic stroke subtype according to the criteria of Jackson et al. 2 For the purpose of this study we focused on the comparison between nonlacunar and lacunar ischemic strokes. Cardiovascular risk factors, degree of symptomatic carotid artery stenosis (per 10%), presence and volume of calcifications (per mm 3 ) among nonlacunar versus lacunar ischemic strokes were analyzed with a univariable logistic regression model. Thereafter, a multivariable logistic regression analysis was performed to assess the difference in calcifications between nonlacunar and lacunar ischemic strokes. Adjustments were made for age, sex, and degree of symptomatic carotid artery stenosis (model 1) supplemented with cardiovascular risk factors (model 2).
Statistical analyses were performed with STATA software (version 12.0, STATA). P<0.05 was considered statistically significant.
Results

Patient Characteristics
Between December 2005 and September 2010, 1597 patients with a TIA or ischemic stroke were registered in the ESS. Reasons for exclusion in the present study are shown in the Figure. Subsequently, the aortic arch, the symptomatic extracranial and intracranial carotid artery could be analyzed in 813, 794, and 788 patients, respectively.
Excluded patients without a MDCTA (n=134) were significantly older than patients with a MDCTA (mean age, 73 versus 63 years; P<0.001), had a stroke more frequently instead of a TIA (prevalence stroke 77% versus 68%; P=0.04), and had a higher total National Institute of Health Stroke Scale score on admission (median score, 5 versus 2; P<0.001).
Cardioembolic stroke was present in 112 patients. Of the remaining 708 patients, 365 (52%) had a nonlacunar and 343 (48%) a lacunar ischemic stroke. Characteristics of the study population are shown in Table 1 . In 199 of the 708 patients (28%), a relevant infarct was visible on the MDCT of the
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March 2014 brain; in 132 (36%) of the nonlacunar stroke patients and in 67 (20%) of the lacunar stroke patients, respectively. A total of 35 patients were reclassified using their brain imaging. Extrapolating this percentage to the patients without an infarct on brain imaging, 90 of the 708 patients were estimated to be misclassified (13%), with a slightly higher proportion in the lacunar strokes compared with the nonlacunar strokes (21% versus 8%). Patients with a nonlacunar stroke were significantly older than patients with a lacunar stroke, were less frequent men, and were less often a current smoker. About the other cardiovascular risk factors no significant differences were found between the 2 groups.
Arterial Calcifications
Presence and volume of aortic arch calcifications were significantly higher in patients with a nonlacunar stroke compared with patients with a lacunar stroke (prevalence 73% versus 62%; P<0.01 and median volume 62.2 versus 10.5 mm 3 ; P<0.001; Table 2 ). In patients with a nonlacunar stroke, prevalence of calcifications was 56% and 59% in the symptomatic extracranial and intracranial carotid artery, respectively. Similar prevalences of calcifications were found in patients with a lacunar stroke. There was no significant difference in calcification volume in the symptomatic extracranial and intracranial carotid artery between patients with a nonlacunar and a lacunar stroke. A significant difference in severity of symptomatic carotid artery stenosis was found between patients with a nonlacunar and a lacunar stroke. In patients with a nonlacunar ischemic stroke, more occlusions were found compared with patients with a lacunar ischemic stroke (10% versus 1%; Table 2 ).
Calcifications in cardioembolic strokes seemed in between (aortic arch) or lower (extracranial and intracranial carotid artery) than that of nonlacunar and lacunar strokes ( Table I in 
Risk Factors for Nonlacunar Ischemic Strokes
A comparison of risk factors between nonlacunar and lacunar ischemic strokes is shown in Table 3 . After adjusting for age, sex, symptomatic carotid artery stenosis, and cardiovascular risk factors, age, symptomatic carotid artery stenosis, and volume of the aortic arch calcifications (adjusted odds ratio, 1.11; 95% confidence interval, 1.02-1.21) were independently associated with nonlacunar strokes. Male sex and hypertension were independently associated with lacunar strokes. Volumes of extracranial and intracranial carotid artery calcifications were not independently associated with nonlacunar ischemic strokes.
Discussion
This study shows a high overall prevalence of vascular calcifications in both nonlacunar and lacunar ischemic strokes. We found no significant difference in symptomatic extracranial and intracranial carotid artery calcification volume between nonlacunar and lacunar ischemic strokes, but only a significantly higher calcification volume in the aortic arch in nonlacunar strokes compared with lacunar strokes.
Previous studies have investigated the association between arterial calcifications and cerebral ischemic strokes on brain imaging. 12, 16 Bos et al 12 found in a population study an independent association between calcification volume in the aortic arch, extracranial and intracranial carotid artery, and the presence of cerebral infarcts on MRI of the brain. In contrast, Babiarz et al 16 found no difference in cavernous calcifications between patients with a MRI-confirmed acute stroke and age-matched healthy controls without a stroke. This could partially be explained by the qualitative calcification scoring system used in that study with the inherent risk of misclassification. Few studies have investigated the association between arterial calcifications and ischemic stroke subtypes or the difference in arterial calcifications between ischemic stroke subtypes. Bos et al 12 found an association between extracranial and intracranial carotid artery calcifications and the presence of lacunar infarcts and an association between aortic arch calcifications and the presence of cortical infarcts. Our finding of an independent association between aortic arch calcifications and nonlacunar strokes combined with the common notion that severe atheroma in the aortic arch is an important risk factor for ischemic stroke, indicates that the 17 The role of carotid artery atherosclerosis in ischemic stroke is established but the exact pathophysiologic pathway is unclear. In the past decade, research focus has shifted from luminal stenosis to the composition and morphology of the atherosclerotic plaque. The so-called vulnerable plaque with a large lipid-rich necrotic core, a thin fibrous cap, inflammation, intraplaque hemorrhage, and plaque ulceration is more prone to rupture and can cause an ischemic cerebral event after embolization of atherosclerotic debris and thrombus. 18 Symptomatic carotid artery plaques are suggested to have a lower degree of calcification than asymptomatic plaques, implying that calcifications may play a stabilizing role. 19 Others have shown that size, number, and location of calcifications may influence plaque vulnerability. 20 As embolization after rupture of a vulnerable plaque will predominantly lead to cortical infarcts, one hypothesis might be that patients with nonlacunar ischemic strokes are more likely to have vulnerable plaques than patients with lacunar strokes. Our study shows that carotid artery stenosis is more prevalent in nonlacunar ischemic strokes, but the similar extent of extracranial carotid artery calcification in nonlacunar and lacunar ischemic strokes as well as in cardioembolic strokes implies that other plaque components or plaque morphology may play a more important role. For instance, Homburg et al 5 showed that plaque ulceration, a characteristic of the vulnerable plaque, is associated with nonlacunar stroke. Strengths of our study are that we studied calcifications as a marker of the atherosclerosis in a relatively large group of consecutive patients and that we assessed calcifications in multiple vessel beds. Coronary artery calcifications are generally accepted as a sensitive marker for atherosclerosis of the coronary arteries. The guidelines of the American heart Association and American College of Cardiology uses the coronary artery calcium score as a diagnostic tool for clinical decision making. 21 In contrast, calcifications of the aortic arch, extracranial and intracranial carotid arteries have been studied less extensively. Extracranial and intracranial carotid artery calcifications are associated with cardiovascular risk factors and history of stroke. 13, 22, 23 Furthermore, extracranial carotid artery calcifications are associated with carotid artery stenosis in asymptomatic patients, but in symptomatic patients this association is less clear. [24] [25] [26] Moreover, calcifications can be assessed easily and quantified at MDCTA, an imaging modality increasingly used in daily clinical work-up of patients with stroke, making them a suitable and robust marker of atherosclerosis.
Our study has also some limitations. First, stroke subtype was assessed similarly to Jackson et al 2, 4 using clinical criteria and correcting for brain imaging results. Although this is probably the least biased method, we found a potential misclassification of 13% compared with 7% found by Jackson et al. 2 We found a slightly higher misclassification proportion in the lacunar strokes compared with the nonlacunar strokes, which may led to an overestimation of the prevalence of lacunar strokes and a possible underestimation of the true association between calcifications and nonlacunar stroke. A second limitation of our study is the absence of a MDCTA in 134 patients. Reasons for not performing a MDCTA in our hospital were severe ischemic stroke, which were probably nonlacunar strokes, and kidney failure. Moreover, patients without a MDCTA were significantly older than patients with a MDCTA where it is known that the prevalence of calcifications increases with age. 14 This may have led to an underestimation of the true association between calcifications and nonlacunar strokes.
In summary, we found no difference in extracranial and intracranial carotid artery calcifications between nonlacunar and lacunar ischemic strokes. However, we did find that a higher calcification volume in the aortic arch is independently associated with nonlacunar ischemic strokes. These findings only partially confirm the notion of distinct etiologies for nonlacunar and lacunar ischemic strokes and suggest that the potential role of other plaque components, plaque * Presence of calcifications is defined as a calcification volume >0 mm3. † Of the nonlacunar ischemic strokes, calcifications were assessed in the aortic arch of 360 patients, the symptomatic extracranial and intracranial carotid artery of respectively 351 and 353 patients. Of the lacunar ischemic strokes, calcifications were assessed in the aortic arch of 341 patients, the symptomatic extracranial and intracranial carotid artery of respectively 336 and 331 patients. Of the cardioembolic strokes, calcifications were assessed in the aortic arch of 109 patients, the symptomatic extracranial and intracranial carotid artery of respectively 104 and 104 patients.
